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PETER F. COHN, MD, FACC, MARCIS T. SODUMS, MD, WILLIAM E. LAWSON, MD,
STEPHEN C. VLAY, MD, FACC, EDWARD J. BROWN, JR., MD, FACC
Stony Brook, New York
Frequent episodes of silent myocardial ischemia were
documented in two patients, one with recognized and
one with unrecognized prior myocardial infarction. Nei-
ther patient had symptoms after the infarction, but both
demonstrated silent myocardial ischemia on exercise
testing, which prompted further study with 48 hour am-
bulatory electrocardiographic (Holter) recordings. In each
Silent (painless, asymptomatic) myocardial ischemia has
been reported to be a frequent occurrence in patients with
known coronary artery disease who have anginal symptoms
(1-3). In these patients, 24 hour ambulatory electrocardio-
graphic (Holter) monitoring has been used to document the
daily occurrence of episodes of silent myocardial ischemia.
The ST segment changes have been shown to be ischemic
by concomitant radionuclide testing (2,3) or their response
to nitroglycerin (1). Silent myocardial ischemia after an
acute myocardial infarction in patients free of angina, heart
failure or arrhythmias has also been documented during
exercise testing (4). However, there have been no reports
of the frequency of silent ischemic events during the daily
life in these asymptomatic individuals after their initial stress
test. Accordingly, we used ambulatory electrocardiographic
monitoring to study two patients with a prior uncomplicated
myocardial infarction (one recognized, one unrecognized)
who were referred to our unit because they were 1) asymp-
tomatic after their myocardial infarction, but 2) demon-
strated silent myocardial ischemia on repeat exercise tests
in the absence of any antianginal medications.
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patient, heart rate recorded with the Holter monitor
during the ischemic episodes was usually less than that
observed during ischemia precipitated by exercise test-
ing. This suggests that increased vasoconstrictive tone
may play a role in silent ischemic episodes occurring
during daily activities.
(J Am Coli CardioI1986;8:982-S)
Case Histories
Patient 1
This 48 year old white man was evaluated because of an
abnormal electrocardiogram of at least 3 months' duration.
The electrocardiogram was consistent with a transmural in-
ferior wall myocardial infarction of undetermined age. The
patient denied any symptoms suggestive of angina pectoris
or equivalents. An electrocardiogram 6 years earlier had
been normal. The patient had been briefly hospitalized else-
where 4 years earlier for acute cholecystitis, but no elec-
trocardiogram was obtained. Because of the abnormal elec-
trocardiogram, abnormal serum cholesterol of 273 mgll 00
ml, a 25 pack a year smoking history and family history of
his father having had a myocardial infarction at age 50, the
patient underwent treadmill exercise testing. He was not
taking any cardiac medication. The exercise test revealed
diffuse 2 mm ST segment depression beginning at 4 minutes
(stage 2 of the Bruce protocol) at a heart rate of 125
beats/min. The test was terminated at 7.5 minutes because
of the profound ST depression. The electrocardiographic
changes reverted to normal at 4 minutes after exercise. Sub-
sequently, an exercise radionuclide ventriculogram showed
a decrease in global ejection fraction from 45 to 37% after
6.5 minutes of bicycle exercise. Again, marked ST changes
were noted but the patient had no pain.
One month later, the patient underwent cardiac cathe-
terization. Significant (~ 70%) stenoses were found in the
proximal left anterior descending coronary artery, its di-
agonal branch, the left circumflex coronary artery and one
of its marginal branches; the dominant right coronary artery
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Figure 1. Electrocardiographic recordings from Patient I . A,
Baseline tracing , lead Vs. Heart rate is 85 beats/min. B, Pain-
less ST segment depression during peak exercise (stage 3, Bruce
protocol treadmill test) . Heart rate is 125 beats/min. C, Simulta-
neous tracing during exercise on Holter lead Vs. Heart rate is 125
beats/min . D, Repeat episode of painless ST segment depression
3 hours later during dinner . Heart rate is 100 beats/min.
was totally obstructed. The left ventricle was not enlarged,
but inferolateral and apical asynergy was present. The left
ventricular ejection fraction was 50%. Several weeks after
cardiac catheterization , the exercise test was repeated, with
the same results observed as previously noted.
The patient was also studied with 48 hour ambulatory
electrocardiographic monitoring, which provided a longer
period of monitoring than the usual 24 hour period and
allowed comparison of events from one day to the next. We
used a Del Mar Avionics 445B two channel recorder , which
has a frequenc y response of 0.05 to 100 Hz, meetin g Amer-
ican Heart Association specifications for heart rate and ST
changes. This system has been tested for reliabil ity in our
laboratory using the method of Tzivoni et al. (5), in which
conventional 12 lead electrocardiographic recordings during
exercise tests are compared with simultaneous Holter re-
cordings . Recordings were scanned on an Avionics 9100
scanner and electrocardiographic strips showing ST segment
depre ssion of at least I mm lasting I minute or more were
printed out (Fig . I). In the first 24 hour tape there were 10
episodes of I mm or more horizontal or downsloping ST
depression with a duration of 4 to 12 minutes (total 52
minute s) . All episodes were unaccompanied by symptoms,
as confirmed by the patient' s diary. Onl y some of the ep-
isodes were associated with specific activiti es, such as walk-
ing, working, or eating, and the heart rate at the onset of
events ranged from 90 to 120 beats/min (Table lA). The
second 24 hour tape had seven episodes lasting 68 minutes
and included one episode of 23 minutes during lawn mow-
ing; the patient was not taking any cardi ac medication.
Patient 2
This 45 year old white man had a transmural anterior
myocardial infarction documented by serial serum enzyme
and electrocardiographic changes and accompanied by
" burning chest pain ." There were no preceding symptoms.
Risk factors included a serum cholesterol level of 225
mgllOO ml, labile hypertension and family history of father
and brother having had a myocardial infarction in their 50s .
Postinfarction recovery was uneventful but a thallium stress
test showed anteroseptal ischemia without symptoms. He
was not taking any cardiac medication . A subsequent tread-
mill exercise test using the Bruce protocol showed infero-
lateral 3 to 4 mm ST depression in stage 3 (8 minute s) at
a heart rate of 120 beats/min and with a decrea se in blood
pressure.
Because of the exercise test results the patient was re-
ferr ed fo r cardiac catheterization. He was found to have a
totally occluded left anterior descending coronary artery
Table 1. Episodes of Silent Myocardial Ischemia Over a 48
Hour Period in Two Patients
HR at Onset
Episodes of ST ~
(day-event) Max ST ~ (rnrn ) (beats/min) Duration (min)
A. Patienl I
I- I 1.5 90 4
1-2 I 105 5
1-3 I 11 0 4
1-4 3 11 0 5
1-5 3 90 4
1-6 2.5 105 8
1-7 I 100 4
1-8 3 11 5 3
1-9 3 11 0 3
1-10 4 120 12
2-1 I 11 0 6
2-2 4.5 105 23
2-3 4.5 11 0 15
2-4 2.5 95 4
2-5 I 100 4
2-6 I 110 6
2-7 3 11 0 10
Mean ± SD 2.4 ± 1.2 105 ± 7.7 7.0 ± 5.5
B. Patient 2
I -I 2.5 95 9
1-2 2 100 10
1-3 2,5 11 0 8
2-1 1.5 90 8
2-2 3.5 105 12
2-3 1.5 100 6
Mean c SD 2.3 :!:: 0,7 100 ± 6.5 8,8 ± 1.9
HR = heart rate; Max = maximal; ST ~ = ST segment depression.
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with an additional 70% stenotic lesion in the diagonal branch.
A large left circumflex marginal branch had a 50% stenosis;
the dominant right coronary artery had only luminal irreg-
ularities. Anterior wall asynergy was present on the ven-
triculogram and the left ventricular ejection fraction was
50%.
The Holter system described for Patient I was used to
evaluate this patient. During the first 24 hours of ambulatory
electrocardiographic monitoring, there were three episodes
of at least I mm horizontal or downsloping ST depression
lasting a total of 27 minutes (Table lB); the duration of
each episode ranged from 8 to 10 minutes. During the sec-
ond 24 hours of monitoring, there were three episodes last-
ing 26 minutes. All episodes were unaccompanied by symp-
toms. Heart rate at onset varied from 90 to 110 beats/min
and the episodes were associated with a variety of activities;
the patient was not taking any cardiac medication.
Discussion
Previous reports on silent myocardial ischemia.
Electrocardiographic and radionuclide procedures during
exercise have been used to document episodes of silent
myocardial ischemia in I) totally asymptomatic persons (6),
2) patients asymptomatic after infarction (6), and 3) patients
with angina pectoris (7). In these studies, coronary angi-
ography confirmed the presence of significant coronary ar-
tery disease. Although silent episodes have been docu-
mented in the first two groups of patients, their frequency
is not known. In patients, with angina, Deanfield et al. (2,3)
used 24 hour electrocardiographic monitoring to record the
frequency of myocardial ischemia during daily activities.
They confirmed the ischemic nature of the ST segment changes
during both painful and silent episodes using positron to-
mography with rubidium-82. They observed an average of
4.2 episodes124 h with a highly variable duration ranging
from I to 90 minutes. Schang and Pepine (I) observed a
similar mean frequency of events, with a duration of 3.8 to
21 minutes. Silent events outnumbered painful events by 3
to 1 in these studies (1-3).
Features of silent ischemia. Many of the silent ischemic
events in these studies occurred at a heart rate lower than
that found at the onset of exercise-related ST depression,
and usually at a low level of activity, such as sleeping or
sitting. In our two patients, the number and duration of
events varied only slightly from one day to the next (Table
I). The number of episodes in 24 hours ranged from 3 to
10 and the duration from 3 to 23 minutes. All episodes were
painless. The average heart rate in Patient 1 was 105 beats/
min during daily ischemic episodes and 125 beats/min dur-
ing exercise testing; in Patient 2, the heart rate was 100
beats/min at the onset of daily episodes versus 120 beats/
min at the onset of exercise test-induced ischemia. These
findings are similar to those of Deanfield et al. (2,3) and
Schang and Pepine (I) and suggest that increased vasocon-
strictive tone may contribute to many of the painless epi-
sodes. However, the pathophysiologic mechanisms remain
unresolved pending further investigations, including re-
sponse to various pharmacologic agents. The reason for the
absence of pain is also unclear. One explanation may be
damage to nerve endings as a result of the infarction.
Silent ischemia after myocardial infarction. Assess-
ment of the prevalence of silent myocardial ischemia in
patients recovering from acute myocardial infarction re-
quires large scale studies. From these studies should also
emerge prognostic data, but it is of interest that one of our
two patients had a recognized myocardial infarction and the
other an unrecognized one. Kannel and Abbott (8) showed
in the Framingham study that the prognosis of patients after
unrecognized myocardial infarction was similar to that of
patients with recognized infarction. It is not known whether
subjects with fatal or nonfatal recurrent infarction in the
Framingham study had frequent episodes of silent myo-
cardial ischemia after either recognized or unrecognized
infarctions. However, it has been reported (9) that positive
but painless exercise tests in asymptomatic patients in the
acute postinfarction period indicate an adverse prognosis;
this may be especially important when multiple thallium-
20 I perfusion defects are present with exertion (10). Fur-
thermore, there is evidence that even after the initial con-
valescent period, asymptomatic or mildly symptomatic post-
infarction patients with three vessel disease and reduced
exercise ejection fraction have a 7 to 9% yearly mortality
rate (11,12). Our Patient I would be in that category.
Conclusion. It has been stated that concern about silent
myocardial ischemia (13) is most justified in patients with
known coronary artery disease (14), as in the two patients
in this study. Our findings are provocative, because they
suggest that patients who are apparently doing well after an
uncomplicated infarction, recognized or unrecognized, may
instead be having frequent episodes of painless myocardial
ischemia.
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